Introduction
It is well known that external influences (electric field, mechanical stress, hydrostatic pressure, etc) essentially distort the structure of the incommensurate (I) phases of ferroelectric and ferroelastic crystals. In many cases it leads to the appearance of triple points in their phase diagrams, where the two lines of the I phase transitions (m) merge into the one line of normal ( N ) -t o -C O n " r a t e (c) FTS. In I proper ferroelectric crystals such points are often called the Lifshitz points (Homreich et a1 1975) . The wavevector of the I modulation ! Q and the angle hetween the tangents to the lines of I PTs become close to zero in the vicinity of the Lifshitz point, which is the main peculiarity of this kind of triple point. For the first time the Lifshitz point of ferroelectric materials has been experimentally found in the ( x , T ) phase diagram of the solid solution compound SnZP#&e,)d (see the review article by Vyscchansky and Slivka (1992) ). The phenomenological theory of the Lifshitz point has been previously considered in derail by Homreich et a1 (1975) and Michelson (1977) . At the same time, one would expect some peculiarities in the triple points in the case of I proper ferroelastic (FF) crystals. This is because the appropriate variables for the homogeneous state are the components of elastic strain tensor, while for the inhomogeneous state they are the components of the displacement vector. Consequently, as has been shown by Vlokh et a1 (1989a) . despite the fact that the N-tOC h'ansition is of the second order the value of ko is finite at the Lifshitz point and at this point no common tangent to the lines of the I-~O-PF and N-~O-I prs exists. This caused great interest in the investigation of the nature of such new polycritical phenomena using both experimental and theoretical methods.
The triple points separating the N, I and C PF phases have been found in our previous studies (Vlokh el nl 1989c, 199Od) in the pressure-temperature ( P -T ) phase diagrams of CszHgBy and CszCdBr4 crystals by the optical birefringence method At atmospheric 0953-8984n3R95189+127.50 @ 1993 IOP Publishing Ltd pressure, CszHgBr4 undergoes four consecutive pTs: From the orthorhombic N phase (space group, Pnma) to the I phase at T, = 243 K, to the monoclinic PF phase (space group, P 2 1 / n l 1 ) at Tc = 230 K, to the triclinic PF phase (space group, Pi) at Tj = 165 K and, finally, to the triclinic phase (space goup, Pi) with a doubled period of the unit cell in the b direction at T2 = 85 K (Plesko ef a1 1980a. 1981 Bruce and Cowley (1978) . For CszHgBr4 and Cs~CdBr4 the lines of the N-to4 and I-to-PF PTs merge into the line of N-to-PF PIS at hydrostatic pressures Pk of 140 MPa and 100 MPa, respectively (Vlokh et a1 1989~. 199Gi ).
CszHgCI4 crystals have not been sufficiently well studied on the whole. On cooling, these crystals undergo six successive PIS at ' E = 220 K, T, = 195 K, TI = 184 K. Tz = 182 K, T3 = 166 K and T4 = 164 K (Kallayev er a1 1990). The high-temperature N phase has a prototype structure of Pnma similar to CszHgBr, and Cs2CdBr4. Between T, and T the system exhibits the I phase according to the results of nuclear magnetic resonance measurements (Boguslavsky ez 01 1983). The symmetry and nature of all the other lowtemperature phases are still unknown. Only dielecVic (Kallyev er a1 1990), optical and acoustic measurements (Vlokh et al 1990a) have been performed previously in a wide temperature range including the region of the PIS.
Acoustic and optical measurements have been widely used in the investigation of numerous I ferroelectric and femlastic crystals. In recent years these methods were also successfully employed in investigations of the P-T phase diagrams and polycritical phenomena in 1 crystals of the AzBX, group (Vlokh ef a1 1989b (Vlokh ef a1 ,c, 1990b . In this paper we repolt our experimental results on the influence of the hydrostatic pressure on the temperature behaviour of the optical birefringence and acoustic properties in the vicinity of PTs and polycritical points of I CszHgBr4, C~CdBr4 and Cs2HgC14 crystals. Some of these results conceming the CSZHgBra and CszCdBr4 compounds have been published previously (Vlokh et a1 1989~. 199&, 1991 . The P-T phase diagrams and acoustic and optical properties in the region of the pT points are considered in detail within the framework of phenomenological theory. 
Experiments

Experimental results
The temperature dependences of the optical birefringence along the c axis of CszCdBr, and CszHgBq crystals at different values of the hydrostatic pressure P are shown in figures 1 and 2, respectively. At the normal pressure (P = 0.1 MPa) the temperature dependence of the birefringence changes 6(An,) for both compounds shows a clear anomalous behaviour in the vicinity of the N-to4 (T = T ) and I-to-PF (T = T,) m. In particular, a discontinuity near T, and a kink in the curves at T correspond to the lint-and second-order PIS, respectively.
Under applied pressure the N-to4 and I-to-PF PIS shift to the high-temperature region. At the same time the temperature width of the I phase decreases and, when the pressure Pk is higher than 140 MPa for CyHgBr4 and 100 MPa for CszCdBr4, only a single anomaly in the 6(An,) temperature dependences occurs in the vicinity of the direct N-to-F' F F T . There is good agreement between the results of optical birefringence and acoustic measurements.
The latter are presented in figures 3-5. Clear kinks in the temperature dependences of the longitudinal usw velocity V, (qllc; Ellc; p is the wavevector of the usw and E is its polarization) for CszHgBrd (figure 3 ) and of the longitudinal usw velocity VZ (qllb; Ellb) for Cs~CdBr4 (figure 4) are observed near the N-to-I I T temperature F. Essentially jump-lie decreases in both USW velocities VZ and V3 occur in the vicinity of the I-to-PF FT (T = T,) for P < Pk and in the vicinity of the direct N-to-PF PT (T = To) for P > S, as well. The Strong USW attenuation complicates the acoustic investigation in the vicinity of the N-to-FF m.
At atmospheric pressure the temperature dependence of the optical birefringence of ~4 occurs in the vicinity of the direct IT from the N phase to phase 4 at T = TO (P > Pk) quite similarly to those in CszHgBr4 and &CdBr4 (figure 5) compounds. Together With the domain structure, which is observed in polarized light in the a cut of crystals in phase 4, the latter indicates that the pressure-induced phase 4 of CsZHgCh crystals is ohviously of the PF type.
Diseussion
P-T phase diagram
The phenomenological theory of the P-T phase diagram for the I PF crystal of CszHgBr4 type has been considered in detail in our previous WO& (Vlokh er a1 1989a) . Here we present the main results of such considerations in comparison with the experimental data.
For the case concerning the N-to-PF PT the order parameter transformation pFJpedeS are equivalent to those of the strain tensor Uyz. On the contrary the wavevector of the 1 phase is parallel to the X(a) axis, i.e. inhomogeneous strains may correspond to the Uir components containing no other components but X derivatives only, It is obvious that no inhomogeneous As follows from equation (2), the N-to-I (Ai = Ao(l; -e)), 1-to-p~ (A, = Ao(T, -6))
and N-to-ff (A, = Ao(To -6)) FT lines in the ( A , g ) phase plane arc determined by the The latter is a Characteristic feature of this kind of I fermelastic crystal and essentially distinguishes them from I proper ferroelectrics. Returning to the experimental results it is necessary to pay attention to two peculiarities of the P-T phase diagrams for the CaXY4 group crystals. The first is that the temperature width of the I phase does not depend quadratically on the applied hydrostatic pressure in mntrast with the case for 1 proper ferroelectric crystals (Vysochansky and Slivka 1992). The second peculiarity is that no common tangent to the N-to-I and 1-to-pF FT l i e s exists at the triple point. It is easy to see (figures 3. 4 and 8 insets) that these lines merge at the triple point for a finite value of the angle. Consequently we may conclude that there is good qualitative agreement between the phenomenological theory and experimental data
Optical birefringence and usw velocities
The explanation of the anomalous temperature dependences of the optical birefringence at the N-to-! FT is stmightforward This problem has been discussed previously in numerous studies (see, e.g., KOMC (1979) and Vlokh el al (1984)). Following the phenomenological Landau theory, the anomalous changes in the optical birefringence below Ti an proportional to the square of the order parameter amplitude I Q b I:
where fl is the critical exponent There is good agreement between equation (6) and the experimental results (figures 1, 2 and 6). A clear kink in the 6(An,) temperature dependences near the N-to-I FT appears as a result of the additional contribution of the order parameter to the optical birefringence below T,. The temperature changes in the optical birefringence in the high-pressure region near the PT temperature TO may be explained in a similar way when we replace Qb by Qo in equation (6), where Qo is the order parameter of the PF phase. The continuous changes in the optical birefringence in the vicinity of the N-to-PF Fr indicate that this PT is of second order for all compounds.
Let us discuss the temperature changes in the usw velocity near the PTs and triple points.
The real acoustic behaviour can be easily reproduced for the Cs2XY4 group of crystals by the previous phenomenological model (Rehwald er d 1980 , Lemanov and Esayan 1987) .
Obviously this model can be directly employed for any I system, where the acoustic waves are coupled with the modulation structure through third-or higher-order anharmonic effects. In the case of CszXY4 crystals we use the elastic part of the free energy with the next coupling term, which corresponds to anharmonic interactions between strains and order parameter:
where Qo and Q s are the normal phonon coordinates in the PF and I phases, respectively, and Q% is the normal phonon coordinate of the second-hannonic modulation, which appears under the action of USWS. Using the normal mode coordinates of the soft-mode: amplitudon and~phason (Dvorak and Petzelt 1978) , it is possible to express the changes in the USW velocities in the I phase (see, e.g., Rehwald et al ( only the non-Goldstone phason contribution is considered, since OA >> up far from Ti. It follows from (7) that the value of the longitudinal usw velocities V1-h should exhibit a jump-like decrease at T = T,, which is caused by the interaction between USWs and amplitudons. Moreover, equation (7) 
Conclusion
We have investigated the influence of the hydrostatic pressure on the temperature behaviour of optical birefringence and usw velocities in Cs2XY4 (X Cd, Hg; Y Cl, Br) compounds. Triple points separating the N, I and PF phases have been found in their P-T phase diagrams. The P -T phase diagrams obtained are considered within the framework of the phenomenological Landau theory. The main result of this consideration is that the triple point in the I PF compounds of CszHgCl4 type essentially differs from the Lifshitz triple point in the P-T phase diagram of the I proper ferroelectric compounds. In particular, the wavevector of the I modulation and angle between the tangents to the lines of the Nto-IC and IC-to-c PTS have finite values at the triple point. There is fairly good qualitative agreement between phenomenological theory considations and experimentally obtained P-T diagrams for all compounds of the C%XY4 group.
Explanations of the acoustic propesties near the phase transition and triple points are given in the framework of the frequently used previous phenomenological model (Rehwald et al 1980, Lemanov and Esayan 1987) . Moreover, the real acoustic behaviour near N-to-I and N-to-PF PTs can be correctly described if fluctuation effects are taken into account. The latter are considered on the basis of the fluctuation integral theory (Li et a1 1990) . Although numerical calculations have not been carried out, since data on soft-mode dispersion in CszXY4 are not available, there is good qualitative agreement between experiments and the theoretical treatment. Naturally, a more unambiguous phenomenological analysis may be performed in the future, when the necessary inelastic neutron diffraction data have been obtained. Elastic softening has been found in the V4 temperature dependences at high pressures, where the direct PT from the N to the PF phase occurs. The change in V4 at P > Pk is well described by a Curie-Weiss law, suggesting thus the existence of the direct PT from the N to the PF phase. 
